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INTRODUCTION 
Castor {Ricinns communis L.) is an important oil-seed crop. It is widely 
cultivated in the tropics and warm regions for its seeds, which yield the well 
known castor oil. In India castor is one of the five major oil-seed crops, the 
others being groundnut, rapeseed, mustard, sesamum and linseed. The country 
may witness the record highest castor seed crop at 11 lakh tonnes for the 2008-
09 season, according to a latest survey conducted by the Solvent Extractors' 
Association India (SEAI). The total area under castor crop in the country is 
expected to be at 8.26 lakh hectare, to record an increase of 10%, however, 
total production has been estimated at 11 lakh tonnes, up by 21% as compared 
to the previous year. Average yield for the year 2008-09 is 1,331 kg per hectare 
as against 1,216 kg per hectare during 2007-08. It has been increased by 9% as 
compared to previous year. 
The castor crop is valuable since a substantial portion of the oil 
produced is exported. It is used in medicine as a cathartic, but it's major outlet 
is in the preparation of a variety of industrial products. It is used in the 
manufacture of lubricant for all types of heavy machinery, especially for 
locomotive bearings, steam cylinders in railway engines, internal combustion 
engines in aeroplanes. In rural areas it is used for lubricating country carts, 
crane crushers, persian wheels etc. It is an excellent illuminant and has been 
used in lamps from very early times in India. It is believed to give a cooler and 
brighter light than other vegetable and mineral oils and to bum more steadily 
with the formation of very little soot. Moreover, dehydrated castor oil, is useful 
in paint industry and hydrogenated castor oil used widely in the plastic 
industry. Castor seeds contain an effective fat splitting enzyme which has been 
used commercially for catalyzing hydrolysis of fat and glycerides. Castor 
leaves are said to be used in the form of a poultice or fomentation on sores, 
boils and swelling. Leaves coated with oil and warmed are commonly applied 
over the abdomen to give relief in flatulence in children, however, the 
powdered leaves are used for repelling aphids, mosquitoes, white-flies and rust 
mites. The insecticidal activity is probably due to the presence of the alkaloid 
ricinine (0.85%, dry basis) in them. Castor cake is rich in nitrogen and other 
minerals and has been found to be suitable as a manure for many commercial 
crops i.e. paddy, sugarcane, tobacco etc. Castor cake retains moisture well, is 
high in humus value and decomposes slowly in the soil thereby assuring a 
steady supply of the nutrients (Anonymous, 2003). 
Plant parasitic nematodes constituting a substantial portion of soil biota 
are cosmopolitan and attack roots of large number of plants and reducing their 
productivity substantially over a period of time. They are considered hidden 
enemies of mankind because of devastations they cause to the crops. Plant 
parasitic nematodes being regarded as serious pests constituting important 
major limiting factors in the production of agricultural and horticultural crops. 
Extent of damages, however, varies depending upon the nematode, crop and its 
cultivars, agro-climatic conditions and other biotic and abiotic factors. 
Endoparasitic nematodes are more damaging and agriculturally important than 
other groups. The quantitative and qualitative losses caused by the nematodes 
in yields of agricultural crops are enormous. 
Many workers have expressed approximate losses. There are some 
reports of crop losses in terms of money. In a worldwide survey conducted by 
Sasser (1989), estimated overall annual yield losses of world's major crops due 
to damage by plant parasitic nematodes are 12.3%. Plant parasitic nematodes 
cause US $ 125 billion of losses to world agriculture annually (Chitwood, 
2003). Jain et al. (2007) estimated total national loss due to plant parasitic 
nematodes in 24 different crops, is Rs. 21,068.73 million, however, the losses 
in terms of yield and monetary caused by Rotylenchuliis reniformis in castor is 
13.93% and Rs. 180.00 million per annum respectively in India. 
Nematodes are found around the roots of castor plants and are said to 
play a vital role in their growth and production. Meloidogyne arenaria thamesi 
(Linde et al, 1959); M. hapla (Gaskin and Crittenden, 1956); M. incognita 
(Minz, 1956); M incognita acrita (Linde 1956); M. javanica (Tarjan, 1953); 
Pratylenchus vulniis (Jensen, 1953); P. zeae (Mc Bridge et al, 1961); 
Radopholus similis (Birchfield, 1956) and Rotylenchulvis reniformis (Seshadri 
and Sivakumar, 1963) have been reported to be parasitic to castor crop. 
Rotylenchulus reniformis has been recognized as one of the major nematode 
problems next to only root-knot nematode in India. It was first detected and 
described by Linford and Oliveira, 1940 on roots of cowpea {Vigna sinensis 
Endl) grown in pineapple field in Island of Oahu, Hawaii (U.S.A.). In India it 
was first identified by Siddiqui and Basir(1959) on coffee, since then several 
important crops have been recorded as hosts (Sitaramaiah, 1984), including 
vegetables, fruits, legumes, pulses, oil-seeds, cereals, millets and commercial 
crops. Reniform nematode is widely distributed throughout the world and 
largely known to be a serious problems of tropics, semi-tropics and warmer 
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areas because of its thermal limits for reproduction which were 15°C - 36°C, 
the optimum being around 30°C. 
The R. reniformis is key nematode dreadly affecting castor crop in India, 
resulting in significant yield loss. The nematode causes general chlorosis and 
stunting of the plants. The uptake of nutrients like N, P, K, Ca and Mg by the 
castor plant is significantly reduced with the increase in nematode population. 
Pathogenic effect of nematode on castor is observed by growth reduction, leaf 
shedding, early flowering and malformation and discolouration of seeds. The 
nematode infested plants produce seeds of inferior quality containing lesser 
amounts of oil (Sivakumar and Seshadri, 1971). 
Physiological specialization is a fundamental phenomenon of life. 
Steiner (1925) explained the origin of races by adaptation to new plants. In 
1931, Goodey postulated a "food memory hypothesis", while De Bruyn 
Ouboter (1930), considered selection from genetically different material and 
mutation as the only causes of the development of biological races. 
The possibility of existence of several races in R. reniformis earlier, 
were confirmed by various research workers, Birchfield and Brister (1962); 
Dasgupta and Seshadri (1971); Germani (1978); Prasada Rao and Ganguly 
(1996) and Vadhera et al. (1999). However, no work has so far been carried out 
regarding the pathogenicity of races of i?. reniformis. 
Keeping in view the importance of castor oil and the possibility of 
severe losses to this crop due to reniform nematode, the following aspects were 
conducted: 
1. Survey of reniform nematodes associated with castor plants for 
collection of test populations in Aligarh district. 
2. Identification of races of i?. reniformis of the test populations. 
3. Studies on the pathogenicity of the races of reniform nematode, 
Rotylenchulus reniformis present in Aligarh district on castor. 
IKeuiew of eJLiterat raiure 
REVIEW OF LITERATURE 
Different populations of a single species from different habitats often 
show differences in their biology, ecology and physiology. For the success of 
plant breeding programmes for disease resistance and for studies of host 
parasite relationships, knowledge of occurrence of biological races in 
phytoparasitic nematodes is essential. Ritzema Bos (1888) for the first time 
reported that populations of Ditylenchus dipsaci collected from different plants 
showed variations in pathogenicity and host preference. Such populations are 
termed as races, strains, biological races, biotypes or pathotypes etc. and the 
phenomenon as "physiological specialization". Physiological variation has 
been found in plant parasitic nematodes such as Ditylenchus dipsaci, D. 
destructor, Radopholus similis, Tylenchulus semipenetrans, Aphelenchoides 
ritzemabosi, A. fragariae, Rotylenchulus reniformis, Belonolaimus 
longicaudatus, Anguina tritici and species of Meloidogyne, Heterodera, 
Globodera and Pratylenchus and so on. 
Increasing evidence indicates that every local population has a 
considerable amount of genetic variability according to host specificity. The 
results obtained with one population of the species should, therefore, be 
cautiously attributed to the other population of the same species. This situation 
has created problems for the taxonomists, plant breeders and other investigators 
because certain morphologically indistinguishable populations of a nematode 
species often produce different reactions on the same host. Thus, occurrence of 
intraspecific variations hamper out efforts to control plant parasitic nematodes 
through breeding resistant varieties and by crop rotation. 
Ditylenchus dipsaci: 
Aftalion and Cohn (1990) identified two distinct races of Ditylenchus 
dipsaci in Israel in which first infects and damages onion and garlic and 
reproduces on pea but does not infect Phalaris canariensis while second infects 
and damages P. canariensis but not onion or garlic. 
Tenente and Evans (1997) found no main differences among the races of 
Ditylenchus dipsaci studied by electrophoresis of proteins, except for the bean 
race which showed the presence of one strong protein band that was different 
from the other five races. 
Radopholus spp.; 
O'Bannon and Esser (1985) reported existence of two physiological 
races of Radopholus similis from Florida citrus groves. Kaplan and O'Bannon 
(1985) studied occurrence of two biotypes of Radopholus citrophilus which 
differed in their ability to damage and reproduce in roots of citrus rootstocks. 
Anguina tritici: 
Gokte and Swarup (1989) reported two physiological specialization in 
Anguina tritici populations, one represented from Bihar and other from 
Haryana, Uttar Pradesh, Rajasthan and Delhi. The Bihar population was more 
virulent than the Delhi population. 
Stephan and Antoon (1990) identified a synergistic effect of mixed 
barley and wheat populations as compared to single inoculation of wheat 
population of Anguina tritici on Mexipac wheat, while barley population alone 
failed to infect it. Whereas, they found antagonistic effect of mixed soft and 
hard wheat populations as compared to single inoculation on Mexipac, Gerrado 
and local wheat varieties. Finally they suggested that soft and hard wheat 
populations are 2 biotypes of Anguina tritici in Iraq. 
Rotylenchulus reniformis: 
Birchfield and Brister (1962) reported occurrence of races in the 
reniform nematode as they found in their experiment that sugarcane was 
immune to the nematode while a morphologically similar form was associated 
with sugarcane in the Dominican Republic, Puerto Rico and Venezuela. 
Dasgupta and Seshadri (1971) collected 10 populations of R. reniformis 
attacking different crops viz. grapevine, citrus, castor, coffee, pineapple, cotton 
in Andhra Pradesh, Maharashtra, Haryana, Delhi, Mysore, Tamil Nadu and 
Andhra Pradesh respectively. They reported that out of 10 populations, 9 
successfully reproduced on cowpea, castor and cotton. They designated this 
population as race-'A' and the 10''^  population from Andhra Pradesh, which 
reproduced only on cowpea but not on castor and cotton was designated as race 
- 'B'. It indicated that atleast two races of J^ . reniformis occur in India. 
Nakasono (1983) studied on morphological and physiological variations 
of the reniform nematode, Rotylenchulus reniformis, Linford and Oliveira, 
1940 with an emphasis on differential geographical distribution of amphimictic 
and parthenogenetic populations in Japan. He concluded that northern limit of 
habitat of this nematode was found on the 14°C isothermal line of annual 
average air temperature. Three morphologically different groups were 
ascertained which correspond to 3 biological types based on male frequency. 
Incidence of males was consistent within populations and was not affected by 
environmental factors. Sexual attraction of males by females indicated 
reproductive isolation between male numerous type (MNT) and male-rare type 
(MRT) or male-absent type (MAT). Reproduction was amphimitic in the MNT 
and parthenogenetic in the MRT and MAT. Larval development of both MRT 
and MAT populations, but not that of MNT ones, was inhibited at 34°C. 
Ramesh and Ganguly (1994) studied, the effect of nine different crops 
(okra var. Pusa Sawani, bottlegourd var. Pusa Summer Prolific Long, chilli var. 
Pusa Jawala, cotton var. H-777, cowpea var. Pusa Komal, maize var. Ganga-5, 
soybean var. Pusa-24 and castor) on the various bio-ecological features of 
single egg-mass progeny of Rotylenchulus reniformis. Population development, 
sex ratio and fecundity of this nematode varied greatly from crop to crop. The 
maximum increase in population was recorded on bottle-gourd (12.6 times) 
followed by castor and oiora while the decline in population was observed on 
chilli, cotton and maize. Most of the good host crops shifted the initial male-
female ratio of 1:2 towards the higher number of females i.e. 1:5.1 to 1:6.9, 
whereas the reverse trend was observed on poor host crops. Fecundity was 
maximum (112 eggs/egg mass) on bottle gourd and minimum on cotton (19 
eggs/egg-mass). 
Rao and Ganguly (1995) investigated the intra-specific variability in sex 
ratio of 6 populations of R. reniformis from India. The different geographical 
isolates exhibited some variations in sex ratio of males to female which ranged 
from 1:1 in Gujrat castor isolate to 1:3 in Andhra Pradesh castor isolate. The 
grape and castor isolates from Delhi exhibited almost similar sex ratios (1:2), 
while grape and castor isolates from Andhra Pradesh had different male-female 
ratio (1:1.2 and 1:3). The Manipur pineapple isolate had a sex ratio of 1:1.5. 
Rao and Ganguly (1996) studied host preference of 6 geographical 
isolates of R. reniformis using cotton var. H-lll, Cowpea var. Pusa Komal, 
Castor var. Ch-1, bajra var. Pusa-23 and mustard var. Pusa Bold. The isolates 
of R. reniformis used were Andhra Pradesh grape (AP-1), Andhra Pradesh 
Castor (AP-2), Delhi grape (DL-1), Delhi castor (DL-2), Gujarat castor (GJ-1) 
and Manipur pineapple (MN-1). All the isolates could reproduce on cotton, 
castor and cowpea, but differed in their reproduction behaviour towards millet 
and mustard. The existence of 4 physiological variants was indicated, being 
represented by (i) AP-1 and MN-1 isolate which did not reproduce on millet, 
mustard (ii) AP-2 and GJ-1 isolates which reproduce on millet, but not on 
mustard (iii) DL-2 isolate which reproduce on mustard and not on millet (iv) 
DL-1 isolate which reproduced on both millet and mustard. 
Ganguly and Ramesh (1997) studied the effect of bottlegourd, brinjal, 
castor, chilli, cotton, cowpea, maize, okra and soyabean on the morphometries 
of young females, males and juveniles of R. reniformis. Body width and 
oesophageal length of young females were influenced by the host status of the 
crop while stylet length, position of vulva, median bulb and excretory pore 
were not. 
Rao and Ganguly (1998) collected six geographical isolates of R. 
reniformis from Andhra Pradesh, Delhi, Gujarat and Manipur for studying the 
morphological and biometrical variations at the different developmental stages. 
Most of the characters in the different isolates exhibited variability. The re-
evaluation of the characters showed that the body length, distance from head to 
vulva, V% and stylet length were highly stable. Lip region and tail shape of 
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immature females and males, body shape and terminal projection of mature 
females were found to be highly variable in all the isolates. Andhra Pradesh 
grape isolate was found to be a distinct morphological variant among the 6 
geographical isolates. 
Rao and Ganguly (1999) used a set of 13 crops, to know the host 
preferences of two populations representing different host races of reniform 
nematode, Rotylenchulus reniformis, one from Delhi (Race-1) and the other 
from Andhra Pradesh (Race 4), collected from the roots of grapevine. Two 
crops i.e. chilli cv. Pusa Jwala and sorghum cv. SC-1 were found non-hosts for 
both the races since there was no penetration on the roots. Both populations 
formed eggmasses, in varying number (19-68 eggs/root system), on the roots of 
seven crops viz. bottle gourd cv. Pusa Summer Prolific Long, cowpea cv. Pusa 
Komal, cator cv. GAU-CHl, cotton cv. H-777, okra cv. Pusa Sawani, brinjal 
cv. Pusa Purple Long and tomato cv. Pusa Ruby, which were common hosts for 
the both the populations. The populations exhibited marked differences in their 
capability to reproduce on four crops (pea cv. AP-1, bajra cv. Pusa-23, 
mustards cv. Pusa Bold and maize cv. Luxmi), on which Delhi population 
produced eggmasses while AP-population could not. Fecundity of two races 
also varied from crop to crop. The two host races were thus further 
differentiated on the basis of their host preferences, with Delhi population 
being more virulent and aggressive than the AP-population. 
Vadhera et al. (1999) reported the prevalence of a new race of reniform 
nematode from Jabalpur, M.P. which reproduced on cowpea and cotton but not 
on castor roots. 
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Tylenchulus semipenetrans: 
Gottlieb et al. (1986) identified two pathotypes of the citrus nematode, 
Tylenchulus semipenetrans (Cobb) in Israel among 5 populations differed in 
their ability to infest Poncirus trifoliata hybrids. 
Verdejo-Lucas (1992) first reported the Mediterranean biotype of 
Tylenchulus semipenetrans from Spain. Tsay et al. (1997) studied intra-specific 
variation of the two biotypes of Tylenchulus semipenetrans in Taiwan based on 
the different suitabilities of citrus and grapes as host plants and finally they also 
reported biotypes of T. semipenetrans produced changes after 4 years. 
Meloidogyne spp.: 
Christie and Albin (1944) and Christie and Havis (1948) experimentally 
demonstrated the existence of races of Heterodera marioni (earlier name of 
root-knot nematodes) and provided a basis on which Chitwood (1949) 
reclassified the group into the genus, Meloidogyne. 
Allen (1952) found that several populations of M. incognita acrita 
collected from cotton in California displayed a wide diversity in host plant 
specificity. Lider (1954) reported considerable variability in the reaction of two 
species of Vitis to different collections of M. incognita acrita and indicated 
existence of racial differences in the ability to attack Vitis species. Colbran 
(1958) recognized distinct physiological races in M. arenaria, M. hapla, M. 
incognita and M. javanica. 
Goplen et al. (1959) tested 20 collections of root-knot nematodes on five 
alfalfa cultivars and identified three biotypes of M. incognita acrita and two 
each of M hapla and M. javanica. 
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Sasser (1972) studied reactions of 11 populations of M incognita, 15 
populations of M javanica and 10 populations each of M. hapla and M. 
arenaria. None of the 11 M incognita populations from Asia, Africa and 
America (North and South) reproduced on peanut or strawberry but all of them 
reproduced on watermelon and sweet potato. Only one population (collected 
from Peru) reproduced on tobacco NC-95 but failed to parasitize pepper. Two 
populations each from Peru and USA and one from Ivory Coast reproduced on 
cotton moderately but another two populations (one each from USA and 
Belgium) reproduced only lightly whereas four populations (one each from 
Greece and Nigeria and two from Taiwan) failed to develop on cotton. 
Southards and Preist (1973) collected 17 isolates of M incognita from 
different localities of Tennessee (U.S.A.) and studied their reaction on tomato 
(Rutgers), tobacco (NC-95), cotton (Mc Nair 1032), Watermelon (Dixie 
Queen), pepper (California Wonder) and Cowpea (Line M57-13N). They 
differentiated six physiological races on the basis of host reactions of each race. 
Taylor and Sasser (1978) gave a modified series of differential hosts for 
the identification of four common species of Meloidogyne and their host races 
on the basis of their reaction on the six differential host test plants viz. tomato 
(Rutgers), pepper (California Wonder), tobacco (NC-95), Cotton (Deltapine-
16), peanut (Florrunner) and Watermelon (Charleston Gray). They observed 
that peanut and watermelon plants were not attacked by M. incognita and M. 
hapla populations respectively while cotton was non-host for M hapla, M. 
arenaria and M, javanica. Analysis of their data revealed the existence of 4 
races of M incognita, 2 of M arenaria and one each of M Javanica and M. 
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hapla. They found that race-1 of M incognita was not pathogenic on cotton, 
tobacco and peanut, race-2 failed to develop on cotton and peanut, while races 
3 and 4 were non-pathogenic to tobacco and peanut and only peanut 
respectively. Of the 250 populations of root-knot nematodes they studied, 150 
(60%) were identified as M incognita, 60 (24%) as M. javanica, 22 (8.8%) M 
hapla and 14 (5.6%) as M arenaria. Frequency of occurrence of M incognita 
races 1, 2, 3 and 4 in the agricultural areas has been reported to be 71, 12, 15 
and 2 percent respectively (Hartman and Sasser, 1985). 
Eissa (1982) reported predominance of the occurrence of race 2 of M 
incognita in the kingdom of Saudi Arabia. Raja and Gill (1982) studied five 
populations of M. incognita collected from Delhi, Jabalpur, Kanpur, 
Kayangulum and Udaipur. They found these populations identical to race 1 and 
race 2. 
Routary and Das (1982) studied 11 populations of M incognita 
collected from Bhubaneswar and Cuttack and identified them as race-1 and 2. 
They observed race-1 infection on Basella alba, Cucurbita pepo and 
Momordica charantia plants collected from students' plot, college of 
Agriculture, Bhubaneswar, Unit VIII Bhubaneswar and Haripur, Cuttack 
respectively. Meloidogyne incognita race-2 was found attacking Solanum 
melongena, Vigna radiata, Lycopersicon esculentum, Miisa paradisica, 
Abelmoschus esculentus, Vigna sinensis, Cucumis sativus and Lujfa acutangula 
plants that were collected from student's plot college of Agriculture, 
Bhubaneswar, Birobati, Cuttack, Orissa University of Agriculture and 
Technology (O.A.U.T.) Orchard, Bhubaneswar, Research Plot (Entomology), 
14 
Unit IV Bhubaeshwar, Student's plot of college of Agriculture Bhubaneswar 
and Balipatna, Bhubaneswar respectively. 
Krishnappa and Setty (1983) studied 127 populations of M incognita 
collected from different regions of Orissa and Kamataka. They reported that 86 
(67.7%) belonged to race-2 and only 10 (7.9%) to race-3. They further noted 
that all 33 populations from Northern, North-Eastem and Eastern Coastal zones 
were comprised of race-1. Out of 10 populations from the deep Southern zone, 
9 belonged to race-1 and only 1 to race-3. Among the 84 populations from 
Karnataka zone, 44 (52.4%) belonged to race-1, 34 (36.9%) to race-2 and 9 
(10.7%) to race-3, Race-1 was found to occur in all the zones, race-2 was 
confined to Kamataka while race-3 was present in Kamataka and deep 
Southern zone. 
Canto (1984) gave a scheme for classification of races of M incogntia 
on potato, by using differential host test. Mar'enko (1984) identified 
Meloidogyne species and races in 15 greenhouse soil in the USSR, based on the 
response of cotton Deltapine-16, tobacco NC-95 and anal-vulval pattems. M 
incognita race 1 was found at 8 soils in Moscow, Leningrad, Adler and 
Gorkov, M. incogntia race 3 was found in one of the Moscow soil in mixed 
populations. 
Osman et al. (1985) compared morphometrically two populations each 
of race 1 and 3 of M arenaria from tobacco, peanut and soybean in different 
localities in Florida showed no significant differences in any character 
measured by light microscopy. 
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Ibrahim et al. (1986) revealed races of Meloidogyne spp., 2 races within 
M. incognita and one race within M. arenaria by using differential host test, 
from northern Egypt. M incognita race 1 and M arenaria race 1 were 
dominant, with respect to other races within these 2 species. 
Lopez (1986) confirmed the presence of host races 1, 2 and 3 of M. 
incognita in Florida, USA, based on morphometries and differential plant 
responses. Starch gel electrophoresis of these races were identical and could 
not be used to differentiate them. 
Antonio (1987) described performance of 10 soya cultivars to 
Meloidogyne incognita races 1, 3 and 4. Araki and Nakasono (1987) noticed 
race 3 of M incogntia from mixed Meloidogyne population attacking aubergine 
in Nagasaki prefecture (Kyushu Island), Japan by using host range test. 
Cho et al. (1987) collected 3226 samples from 18 economic crop fields 
to investigate the distribution and density of root-knot nematodes in Korea 
Republic, Identification of races was based on the differential host-test for 
Meloidogyne spp. by A.L. Taylor and J.N. Sasser. M hapla was dominant in 
fields in central parts of the Korean peninsula while M. incognita was prevalent 
in the southern parts. M. javanica was limited to Jeju island and southern sea 
side areas. The races of M areniaria identified in this study were races 1 and 2 
and of M incognita, races 1, 2 and 3. Of these races, race 1 of M arenaria and 
race 3 of M incognita were identified for the first time in Korea Republic. 
Haider et al. (1988) revealed the presence of M incognita race 1 and 2 
in a survey of tomato and aubergine plants in Patna, Muzaffarpur, Samastipur 
and Darbhanga districts of Bihar, India. Fargette (1988) characterized B races 
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of Meloidogyne incognita by their ability to reproduce on resistant cultivars of 
tomatoes (Rossol), Sweet potatoes (CDH) by esterase electrophoresis from 
Ivory. Stephan (1988) confirmed new race of M javanica from Iraq, by the 
North Carolina differential host test. 
Berthou et al. (1989) revealed virulent biotypes of root-knot nematode 
Meloidogyne Goeldi in two vegetable growing areas of Senegal by their ability 
to reproduce on the resistant tomato cultivar Rossol at 23°C. Mar'enko (1989) 
examined races of M incognita (Rl, R2 and R3), and M arenaria (Rl) from 
European part of the USSR. 
Khan et al. (1989) reported novo race 4 with 3 known races of M 
incognita on 6 vegetable crops from 6 districts of Western Uttar Pradesh, India. 
Race 1 and 2 found in 5 districts on all 6 vegetables, including cucumber, race 
3 in only one district on aubergine, tomato, okra and cabbage, and race 4 in 3 
districts on aubergine, tomato and pepper. 
Al-Sabie and Ami (1990) identified the races of root-knot nematodes in 
northern Iraq. Samples were collected from roots of 7 types of crops infected 
by root-knot nematodes from 28 fields located in Zakhe, Sommail, Dohuk, 
Mosul, Hammam, Al-Alil and Arbil. The results showed that 21 fields were 
infested with M. javanica, three fields with mixed populations of M. javancia 
and M incogntia, one field with M incognita and three fields with M. 
arenaria. The differential host test showed the occurrence of two races of M. 
incognita (race 1 on tomato and race 2 on tomato and aubergines) and two 
races of M arenaria (race 1 on okra and race 2 on watermelon). This is the first 
record of these races, on the above plants in northern Iraq except race 2 of M 
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incognita which was recorded previously on aubergines. Furthermore the race 
2 of M arenaria is also considered to be the first record in Iraq. 
Rammah and Hirschmann (1990) collected 6 populations of M.javanica 
belonging to 3 host races. Observed variability of certain morphological 
characters within these populations useful in species identification but not in 
race differentiation. 
Carpenter and Lewis (1991) noticed aggressiveness and reproduction 
differed among 4 geographical populations of M. arenaria on 6 soyabean 
cultivars in field microplots. These differences were consistent over 3 years. 
The populations did not differ in virulence i.e., population by cultivar 
interactions were not significant. Perineal pattern morphology, the North 
Carolina differential host test, chromosome counts of immature oocytes, and 
esterase phenotypes confirmed that the 4 populations were M. arenaria. Three 
populations were host race 2 and one population was host race 1. 
Da Silva (1991) revealed the frequency of Meloidogyne spp. and races 
associated with vegetables in the Maranhao state, Brazil. Out of 46 populations 
34 (73.91%) were M. incognita and 12 (28.08%) M javanica. M. incogntia 
race 1 (55.08%) was frequent than race 2 (44.11%). 
Patel et al. (1993) reported pathotypes of M. javanica from Kapadvanj, 
Kaira district in Gujarat, India reproduced on peanut cultivars GG2, JL24 and 
Jll while M. javanica and M. incognita populations from Anand, Gujarat did 
not infect them. 
Sharma and Gills (1993) collected seventeen M. incognita populations 
from 13 different Indian states, evaluated their reaction on cotton cv. 
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Deltapine-16, tobacco cv. NC-95 and tomato cv. Rutgers. The reproductive 
factor was low in cotton and tobacco as compared with tomato. Four races were 
identified, race 1 being the most prevalent. 
Khan et al. (1994) reported that 50% fields of vegetable crops in 9 
districts of Agra, Bareilly and Uttar Pradesh infested with Meloidogyne spp. Of 
the species present, M. javanica was the most fi*equently encountered species 
followed by M. incognita and M. arenaria. Aubergines and cucumbers were 
the most affected crops, followed by tomatoes, capsicum and okra. Root gall 
index/egg mass index ranged from 2-5/1-5. Of the 4 races of M. incognita 
detected race 2 was the most frequent followed by race 1, race 3 and race 4. M. 
arenaria populations showed race 2 only. 
Khan et al. (1994) studied the distribution of races of Meloidogyne 
incognita associated with Carica papaya in three districts of Madhya Pradesh, 
India, using a set of six international host differentials. The frequency of 
occurrence of M incognita races -1, 2 and 3 in Chhatarpur district was 26.7, 
53.3 and 20 per cent respectively, while in Tikamgarh district it was 33.3, 20 
and 46.7 per cent. In Panna district race-3 was not found and the frequency of 
occurrence of race-1 and 2 were 66.7 and 33.3 per cent respectively. In the 
three districts together frequency of occurrence of races 1, 2 and 3 was 42.2, 
35.6 and 22.2 per cent respectively. 
Mojjahedi et al. (1994) collected fourteen field isolates of M chitwoodi 
from a potato production area in the Pacific Northwest which failed to 
reproduce (RF < 0.1) on S. bulbocastanum. However, an isolate firom Tulelake, 
California, (CAMC 2) reproduced (RF = 7 and 11) on 5. bulbocastanum in 2 
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greenhouse experiments. Esterase enzyme pattern and RF of CAMC 2 on 
Columbian tomato, 51; Stephens wheat, 36; Florunner peanut, 0; NC 95 
tobacco, 0.01; California Wonder Pepper, 0.01; Charleston Gray Watermelon, 
0.3; and Deltapine Cotton, 0, were typical of M. chitwoodi race 1 and 2. 
However, CAMC 2 was more similar to race 2, in that Thor alfalfa was a 
suitable host (RF=12). This host race of M chitwoodi, which reproduces on 
resistant S. bulbocastanum, was designated race 3. 
Lordello and Lordello (1996) identified frequency of occurrence of M 
incognita races from 54 states of Sao Paulo and 8 other states of Brazil. Out of 
62 populations 32 (51.6%) were identified as race 3; 18 (29%) as race 1, 9 
(14.5%) as race 2, 2 (3.2%) as race 4 and 1 (1.6%) was considered a mixture of 
races 3 and 4. 
Khan and Khan (1997) examined the frequency of occurrence of 
different races of Meloidogyne spp. from 10 districts of eastern Uttar Pradesh. 
M incognita (all races found) was the most frequent (69.9%), followed by M. 
javanica (43%, race 2 only) and M arenaria (22.2%). Maafi and Mahdavian 
(1997) first identified Meloidogyne incognita race 2, M hapla, M. arenaria 
race 2 and M. Javanica on Kiwifhiit from Mazandaran province of Iran. 
Xu JianHua et al (1999) studied pathogenic variation among 20 
populations of M incognita originating from 10 provinces of China. According 
to the North Carolina Differential Host Test Scheme, 16 populations reacted as 
race 1, and 4 populations as race 2. When tested for virulence against the 
tomato resistance gene Mi, 19 populations showed no sign, or very low level of 
reproduction on the Mi containing tomato cv. Piersol, indicating they are Mi 
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avirulent; while a population from Guangzshou (MIGDI-1) reproduced on the 
resistant tomato cultivars Piersol, Motelle and VFN8 as well as on the 
susceptible cv. Sufen 2. This indicated a Mi resistance breaking virulent 
pathotype. 
Cameiro et al. (2003) reported a novo race of Meloidogyne javanica 
(race 4) from Londrina, State of Parana, Brazil causing damage in Arachis 
pintoi. The leaves decreased in size and become chlorotic followed by plant 
decline. Root system severely infested with multiple galls and eggmasses. 
Khan (2003) identified Meloidogyne incognita race-2 from the mid-hill 
region of Himachal Pradesh infesting tomato, aubergine, kiwi, ginger, potatoes 
and stone fruit plants. 
Khan and Murmu (2004) collected M. incognita from different districts 
of West Bengal, revealed the occurrence of two races based on differential 
hosts test. Populations from Nadia, 24-Pargana (North), Hooghly, Burdwan, 
Birbhum and Midnapore was identified as M. incognita race 2, whereas 
populations from Murshidabad, Malda and Coochbehar were designated as M. 
incognita r^CQ 3. 
Swain et al. (2004) studied the sequential development of phenyl-
alanine ammonia-lyase (PAL), polyphenol oxidase [Catechol oxidase] (PPO), 
phenol and lignin like polymers in differential host plants (cotton cv. 
Deltapine-16 and tobacco cv. NC-95) along with susceptible hosts (cotton cv. 
H-777 and tobacco cv. FCV-Special) after inoculation with different host races 
of Meloidogyne incogntia. All the races induced a faster and early 
accumulation of these defence parameters upon inoculation to the host 
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differentials than their healthy controls, whereas race-inoculated susceptible 
FCV special and H-777 showed a gradual and delayed accumulation in their 
defence reactions, but the percent increase over their uninoculated controls was 
of less magnitude than the observed in host differentials at different time 
intervals. Furthermore, a gel electrophoretic study showed a de novo 
appearance of the isozyme only in race-inocualted host differentials. It was 
evident that virulent and avirulent races were able to induce defense 
mechanisms with different speeds in host differentials. Based on the 
interactions observed between races and host differentials at 7 days after 
inoculation, a biochemical model was hypothesized for differentiating the 4 
races of M incogntia with respect to phenylalanine ammonia-lyase activity. 
Karajeh et al. (2006) collected 83 populations of Meloidogyne spp. from 
geographically diverse districts of Jordan. Identified 70 of 83 populations as M 
javanica, 5 as M. incognita (race 1), 3 as M. incognita (race 2) and 5 as M 
arenaria (race 2) based on a combination of methods including nematode 
morphology, host preference, cytogenetics and fingerprinting. 
Mojtahedi et al. (2007) reported a new pathotype of M. chitwoodi, 
designated pathotype 1 of MC race 1, from Washington, USA, reproduced on 
the roots of all plants carrying the Rmci(bib) gene. 
Naidu et al. (2007) identified Meloidogyne incognita race 2 from 
Chittoor district of Andhra Pradesh, India based on response of the different 
crops. Tomato, chillies, watermelon and tobacco showed positive response to 
the root-knot nematode, while cotton and groundnut showed negative response. 
Gall index was highest in tomato, chillies and tobacco, gall size was highest in 
tomato and eggmass index was highest in tomato and chilli. 
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Van Der Beek et al. (2008) studied variability for pathogenecity on 
seven Solarium balbocastanum clones in a collection of isolates of M 
chitwoodi and M. fallax from a wide range of geographical origins. Four 
different pathotypes could be distinguished within M. chitwoodi, while no 
specialization was found in M fallax. M. chitwoodi isolates from the U.S.A. 
showed the largest variation; those from Europe belonged to one pathotype. In 
several M chitwoodi isolates, the occurrence of pathotype mixture was verified 
and for the first time reported in automictic Meloidogyne spp. The infrequently 
formed eggmasses in incompatible isolate plant genotype combinations were 
not able to reproduce further on various S. bulbocastanum genotypes, 
suggesting some stability aspects of the resistance. The occurrence of 
pathotypes and mixtures of pathotypes requires special attention in breeding 
programmes as well as in disease management. 
Kumar et al. (2008) collected thirty populations of root-knot nematodes 
{Meloidogyne spp.) from different pockets of Haryana, and distinguished on the 
basis of morphological characters (perineal pattern) of females of root-knot 
nematodes {Meloidogyne spp.). They belonged to three species i.e. 
Meloidogyne incognita, M. javanica and M. arenaria. No apparent differences 
were obtained in morphological characters of second stage juveniles of these 
species. Race identification of M. incognita and M. arenaria on the basis of 
North Carolina host differentials revealed the presence of race 2 and 4 of M 
incognita and race 2 of M arenaria. M. javanica populations did not reproduce 
on groundnut host differentials and thus belonged to race-1. Species and races 
were further confirmed by electrophoretic techniques by using enzyme 
phenotypes esterase, glutamate oxalo acetate transaminase (GOT), superoxide 
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dismutase (SOD) and malate dehydrogenase (MDH), Meloidogyne species 
could easily be differentiated by banding patterns of esterases and SOD. 
Heierodera spp. : 
Shimizu and Mitsui (1985) studied race 3 oi Heterodera glycines, was 
most prevalent (86%), followed by race 1 (13%), and race 5 only one 
population found in Tokachi area of Hokkaido, the largest soyabean producing 
area of Japan. 
Osipova (1986) investigated 4 populations of H. avenae from South-
western USSR (1) from a long term monoculture of spring wheat of the highly 
susceptible var. Saratovskaya 46; (2) from a monoculture of barley of the 
moderately susceptible var. Donetskii 6; (3) from a 2-year old monoculture of 
spring wheat of the susceptible var. Saratovskya 42; (4) from a 7-year-old 
monoculture of oat of the highly susceptible var. Astor. Populations 1 and 2 
and populations 3 and 4 were collected from the right and left banks of the 
Volga respectively. No morphological differences were observed between 
these populations. Differentiation by reproduction on standard host, showed 
that only barley var. Bajo-Aragon 1-1 was relatively resistant (only 1.9% of 
larvae developed into adult females). Nematodes from population 4 behaved in 
the same fashion on barley KVL 191 and Siri, but KVL 191 was resistant 
whereas Siri was susceptible to population 3. Populations 1 and 2 were able to 
form cysts on these 2 varieties. Populations 3 and 4 were virulent towards all 
the plant varieties tested and are different from all knovm pathotypes of H. 
avenae. Populations 1 and 2 were highly infective to all the wheat varieties 
tested except Psathias and were identified as pathotype Ha33 found in western 
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Europe to which the vars. Morocco, Marocaine, Bajo-Aragon 1:1, Avena 
sterilis Cc4658 and wheat vtr. Psathias were resistant. 
Chen et al. (1987) first reported a-Jnew race of H. glycines (race 7) 
pathogenic to PI88788, PI90763 and Lee soyabean cultivars and non-
pathogenic to Peking and Pickett cultivars. 
Lehman and Dunn (1987) tested reproduction of 20 Florida populations 
of Heterodera glycines using 7 standard differential cvs and lines. In addition 
to race 3, previously known from Florida, races 2 and 4 were found for the first 
time in Florida. 
Sanchez and Zancada (1987) collected 12 population of H. avenae 
pathotypes from different geographical areas of continental Spain, 
distinguished by testing for virulence against 25 International test cultivars of 
barley, oats, wheat and rye. The populations could be grouped into 3 new and 
different pathotypes previously reported in the literature. The new pathotypes 
were: Ha22 - populations 1-6 from Teruel; Ha71 - populations 7-11 from 
Toledo; andHa81 -populations 12 from Sevilla. 
Hamann and Decker (1988) examined soil samples from the Halle, 
Frankfurt/Order and Dresden districts of the German Democratic Republic for 
presence of H. avenae pathotypes using test plants. Pathotype C was the most 
frequent, followed by pathotypes A and B. Pathotypes D and E were less 
frequent. 
Riggs et al. (1988) conducted tests of H. glycines on differential host 
plants to determine races in Arkansas, Illinois and North Carolina, USA. The 
results indicated that the race test is highly variable. Isolate previously 
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identified as race 1 were identified as race 1 or race 3; those identified as race 2 
were identified in these tests as race 2, 4, 9 or 14; those previously identified as 
race 3 were identified as race 1 or race 3; those identified as race 4 were 
identified in these tests as race 4 or race 14; those previously identified as race 
5 were identified as race 2; and those previously identified as race 6 were 
identified as race 1, 2, 4, 5 or 6. 
Sabova et al. (1988) studied pathotypes of 77. avenae from 4 localities in 
western Slovakia, Czechoslovakia belong to pathotype C. 
Walia and Baja (1988) noticed out of 7 populations of H. cajani tested, 6 
did not multiply on Cyamopsis tetragonoloba and Crotolaria juncea. Only the 
Bhiwani population multiplied on them. It is concluded that the Bhiwani 
population is a different race of//, cajani distinct from the other 6 populations. 
Zhang (1988) identified Race 5 in Mengcheng county and Race 4 in 
Dangshan, Suixi and Bo Counties by using a differential host test. 
Kheir et al. (1989) collected four populations of//, zeae from maize 
fields in 4 different counties in Egypt. Populations from Bahtim and Tanta 
were reproduced well, while populations fi"om Belbais and Giza failed to 
reproduce on some of the cultivars or lines. By using differentials chosen from 
those resistant cultivars or lines as well as Giza 2 cultivar, 3 physiological 
groups were separated. Bahtim and Tanta populations were categorized as one 
group. Whereas each of Belbais and Giza proved to be 2 additional separate 
groups. 
Liu and Liu (1989) collected soil samples containing cysts of 
Heterodera glycines, fi"om infested fields in 9 cities and counties of Northern 
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China. Two samples from Yixian and Lushun of Liaonong Province were race 
1; 6 from Shenyang, Fushun, Kaiyuan County, Fengcheng County of Liaoning 
Province, Fuyu County of Heilong jiang Province and Baokang of Inner 
Mongolia were race 3, and 1 from Taiyuan of Shanxi Province was race 4. 
Siddiqui and Husain (1989) reported two new and distant biotypes ofH. 
avenae from Aligarh and Ghaziabad, India, based on differential host tests. 
Sabova et al. (1990) studied populations ofH. avenae from 15 localities 
in cereal-growing areas of Czechoslovakia to characterize pathotypes. Tests 
with the International test assortment showed pathotype Ha 12(C) to be present. 
Some differences between the pathotype occurring in Czechoslovakia and that 
elsewhere are indicated. 
Pacumbaba (1992) collected soil samples from 5 locations in northern 
Alabama. Heterodera glycines race 3 was presenting Huntsville (Madison 
county) and Scottsboro (Jackson county) but absent in Tallassee (Elmore 
county) and Marion Junction (Dallas county). H. glycines race 5 was identified 
in Madison county. The mean size of root nodules of soyabean cultivars Essex 
and Lee grown in non H. glycines infested soil was significantly greater than 
that of nodules on the same cultivars grown in soil infested with H. glycines 
race 5. 
Siddiqui and Mahmood (1993) revealed the presence of 3 races of 
pigeonpea cyst nematode, Heterodera cajani in fourteen populations from 
different localities of seven districts of Uttar Pradesh, India, tested on 9 
different hosts. Race 1 reproduced on all the hosts tested. Race 2 did not 
reproduce on Cyamopsis tetragonoloba while race 3 did not reproduce on C. 
tetragonoloba and Crotolariajuncea. 
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Ireholm (1994) conducted pathotype tests with a total of 97 populations 
of Heterodera avenae, the Gotland strain of H. avenae, H. hordecalis and H. 
bifenestra. The populations were grouped by their virulence on 5 barley 
differentials (resistance genes): Varde (Rha), Emir (Rha "E"), Ortolan (PUia 1), 
KVL 191 (Rha 2) and Morocco C.I. 3902 (Rha 3). Ten reaction patterns could 
be distinguished. With the populations grouped according to morphological/ 
taxonomic considerations, several groups could be further subdivided by 
reactions on additional differentials. Some of the tested populations did not 
reproduce on the oat differentials. None of the differentials showed complete 
resistance to all nematode populations. Virulence frequencies on Rha "E", 
Rhal, Rha2 and Rha3 were calculated for populations of Heterodera avenae 
and the Gotland strain. Inspite of the complexity due to the occurrence of more 
than one species and the reactions of additional differentials there was 
considerable agreement with the results of earlier surveys. Pathotypes Hall 
and Ha 12 were dominant, followed by the main pathotypes G (west) and G 
(East) of the Gotland strain. 
Liu Hanqi et al. (1995) reported race 3 ofH. glycines from 63 counties 
and races 6 and 7 from one county each. Yan Qing Shang et al. (1995) 
identified Race Aof Heterodera glycines in Suburban, Beijing by using a set of 
standard differentials of Golden etal. (1970). 
Peng and Cook (1996) tested populations of Heterodera avenae from 
wheat fields in 4 provinces of China (Hebei, Beijing, Henan and Hubei) with 
the International Test Assortment of cereal differentials. The virulence 
phenotypes of 3 populations which reproduced on some of the cereals were 
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characterized. No population reproduced on any of the six oat differentials. 
Few of the 12 barleys were susceptible and their responses were different from 
those to previously described phenotypes. On wheat, the populations showed 
responses different from each other but similar to previously reported responses 
of populations of cereal cyst nematodes from other parts of the world. None of 
the 6 wheat differentials nor 3 local cultivars were resistant to all populations. 
On the basis of these responses, it seems that there are at least three cereal cyst 
nematode pathotypes in China. 
Arantes et al. (1997) identified the races ofH. glycines in Minas Gerais 
state. Populations of H. glycines collected from Coromandle, Nova Ponte, 
Pedrinopolis, Perdizes, Uberaba and Uberlandia, and tested under greenhouse 
conditions using the soybean differential genotypes Pickett 71, Peking, PI 
88788, PI90763 and the check cultivars Lee 68 and FT Cristalina. Race 3 was 
identified in all collections and the cultivar FT-Cristalina was as efficient as 
Lee 68. 
Zheng et al. (1997) tested two populations of ^. avenae from Taigu, 
Shanxi and Guzhen, Anhui for their pathotype identities. They exhibited 
identical reaction to the 11 cultivars of cereals in group A of the international 
test collection, except for the wheat cultivar, Capa. They were a virulent to the 
4 barley cultivars, 4 oat cultivars and the other 2 wheat cultivars. The reaction 
demonstrated that the 2 populations are of a new pathotype, different from all 
the 13 pathotypes that have been described and nominated. The pathogenicity 
of the 2 Chinese populations are somewhat similar to that of the 2 Swedish 
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populations, Knisling and Ringsasen. The Swedish populations were virulent 
on the barley cultivar Morocco, but the two Chinese populations were not. 
Singh et al. (1998) analysed isoenzyme patterns of esterases and malate 
dehydrogenases of 2 races of H. cajani and 3 races of H. zeae by native 
polyacrylamide gel electrophoresis. The reproducible banding patterns of races 
of both the nematodes differed in number, concentration and relative mobility. 
Da Silva et al. (1999) conducted experiments on 13 popualtions of 
soybean cyst nematode {Heterodera glycines) to identify the physiological 
races using a differential host test varieties Pickett, Peking, PI88788, PI90763 
and Lee 68 (susceptible standard). Thirteen soil samples were collected from 
soybean fields infested with the nematodes in the states of Mato Grosso, Mato 
Grosso do Sul, Goias and Minas Gerais. The races were identified as 1, 2, 3 
and 5 in the Mato Grosso populations; 3, 4, 6 and 10 in Goias and race 3 in 2 
populations of Mato Grosso do sul and 2 of Minas Gerais. 
Holgado (2003) evaluated the occurrence of cereal cyst nematode {H. 
avenae) pathotypes Hal 1 and Ha 12 on cereals in Norway in 1999-2003. 
Bishnoi and Bajaj (2004) tested eight populations of Heterodera avenae 
complex procured from Delhi, Haryana (Ambala, Mahendergarh and Sirsa), 
Himachal Pradesh, Punjab and Rajasthan (Jaipur and Udaipur), India on 21 
international host differentials for characterization of pathotypes. Delhi, Jaipur, 
Mahendergarh, Sirsa and Udiapur populations behaved as pathotype Ha21. The 
reaction of Himachal Pradesh population was similar to pathotype Ha31 and 
that of Punjab and Ambala populations to pathotype Ha41. 
30 
Senthamizh et al. (2005) studied the host range of Heterodera cajani. 
Race A found in twenty-five populations collected from different districts of 
Tamil Nadu, India. 
Lu Wei Guo et al. (2006) studied the distribution of H glycines races at 
38 sites in Huang Huai Valleys, China during 2001-03. Three areas most 
infested by race 1 were identified, i.e. the area southeast of Jinan of Shandong 
province, northern Henan province and the border region adjacent to southern 
Hebei province, and the area of Luohe, Zhoukou of Henan province and 
Fuyang of Anhui province. Race 4 was predominant in Shanxi province; 
Beijing and the adjacent area of Henan, Shandong and Anhui provinces; and 
the delta of Huanghe River in Shandong province. Race 2 was found mainly in 
Liaocheng and Dezhou of Shandong province, Shijiazhuang of Hebei province, 
and Jiaozuo and Huojia of Henan province. Race 7 was distributed in the 
western part of Jiaodong Peninsula of Shandong province, and Kaifeng, 
Huaxian and Wenxian of Henan Province. Race 5 was distributed throughout 
Hebei and Henan provinces. Race 9 was found in Shangqui of Henan province, 
and this is the first record of this race in China. Race 1 and Race 4 were the 
predominant races of//, glycines in Huang Huai valleys. 
Niblack et al. (2006) studied, despite the availability of hundreds of// 
glycines resistant cultivars, the nematode continues to be a major limiting 
factor in soybean production. For study of nematode parasitism and virulence, 
H. glycines provides a useful model despite its obligately parasitic nature. Its 
obligately sexual reproduction and ready adaptation resistant cultivars, 
formerly referred to as "race shift" presents an excellent opportunity for the 
study of virulence in nematodes. 
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Globodera spp. : 
Fox and Atkinson (1985) used Curie-point pyrolysis gas-liquid 
chromatography (PGLC) to detect gross chemical differences between the 8 
European pathotypes of G. rostochiemis and G. pallida. No qualitative 
differences were seen with either flame ionization or flame photometric 
detection systems, although quantitative differences between pathotypes were 
detected. Cluster analysis of these differences failed to group the pathotypes 
into species, but separation of some economically important pathotypes was 
achieved. 
Olsson (1985) performed differential clone tests using susceptible potato 
cv. Bintje and resistant cv. Prevalent to determine the pathotypes in a 
population of Globodera and were supplemented by examination of the 
spicules of males from the differential clones produced in pots growing cv. 
Bintje. Using the techniques described, it was possible to show that low 
frequencies of Ro2, Ro4, Ro5, Pal and Pa3 existed as mixtures in some of the 
Rol populations in a district growing factory potatoes in Southern Sweden. 
Trudgill (1985) critically reviewed the pathotype scheme proposed by 
Kort et al. 1977. It is proposed that many of their pathotypes are artifacts 
resulting from their using an arbitrary Pf/Pi value of ±1 and differential clones 
with quantitatively based polygenic resistance to separate pathotypes. It is 
concluded that most European populations of potato cyst nematodes 
{Globodera rostochiensis, G. pallida) are heterogeneous for virulence genes 
and that Pf/Pi measurements are influenced too readily by several factors, 
including initial population density, the vigour of plant growth and the viability 
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of the nematode, to be used as either a measure of nematode virulence or plant 
resistance. 
Stone et al. (1986) identified pathotype of potato cyst nematodes in 144 
samples, the majority chosen to contain Globodera pallida, from England, 
Wales and Scotland. Where G. rostochiensis was present and proved to be 
pathotype Rol, there being no indication of other pathotypes of this species. Of 
G. pallida, a minority of samples incorporated pathotypes Pal, many were 
pathotype Pa3 but distinction between Pa2 and Pa3 was unsatisfactory in many 
more. It is concluded that recognition of these latter 2 pathotypes is of little 
value. 
Martinez-Beringola et al (1987) identified 31 G, rostochiensis 
populations as pathotype Rol in Spain. None reproduced on clones derived 
from Solarium andigena CPC 2802, G. pallida populations reproduced at 
different rates on clones derived from S. multidissectum. Reproduction was 
slow on S. vernei 62.33.3 and on clones of CPC 2802 but high on F 49/54. 
Janssen et al. (1990) investigated the accuracy of the method of 
Mugniery and Person (1976) to rear cysts on roots of potato sprouts in 
petridishes to estimate the percentage of (a) virulent phenotypes in populations 
of pathotypes of Globodera spp. Percentages of (a) virulent phenotypes were 
assessed for five Ro3 populations of G. rostochiensis and G. pallida. 
Frequencies of virulent phenotypes values were compared with Pf/Pi 
assessments. The estimates of virulent phenotypes with the petridish 
experiments, were consistently higher and the standard deviations and 
coefficients of variation lower than those from pot experiments. 
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Nijboer and Parlevliet (1990) considered pathotype specificity in G. 
rostochiensis and G. pallida. They concluded that there are only 3 reliably 
recognizable Ro - pathotypes Rol (old Rol and Ro4) Ro2 (old Ro2 and Ro3) 
and Ro5 (old Ro5). 
Delgado and Jatala (1991) identified races of the potato cyst nematode 
from 11 provinces of the Department of Cusco, Peru. The identification was 
based on the reaction of the differential clones of the International Scheme of 
Race classification, including the clone 280090-10 (S.tbr. X S.vrn.) which 
distinguishes race P6A of Globodera pallida, to different nematode 
populations. Results indicated that the populations from the provinces of 
Acomayo and Quispicanchis consist of race P4A; those from Anta, Espinar, 
Paruru, Paucartambo locality of Pumapaccha and Urubamba are race PSA; the 
ones from Cusco and Chumbivilcas are race P6A; and the population from the 
locality of Cotatoclla, Province of Paucartambo is race P2B of G. pallida. The 
populations from Canchis consisted of a mixture of race P2B of G. pallida and 
race R2B of G. rostochiensis. 
Amalraj and Rao (1992) revealed five pathotypes of Globodera spp., 3 
pathotypes of G. pallida namely, Pal, Pa2 and Pa3 and 2 pathotypes (Rol and 
Ro2) of G. rostochiensis from the hills of Tamil Nadu. The presence of Pal 
was found because of the development of females on CPC-1673, Solanum 
acaule, S. kurtzianum derivative: 60.21.19, S. microdantum, S. multidissectum, 
S. oplocense, S. phureja, S. spegazzini, S. vernei derivative: 58-1642/4 and 65-
346/19. Similarly the presence of Pa2 was suggested because of development 
of females on CPC-1673, S. demissum, S. kurtzianum derivative: 60.21.19, S. 
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multidissectum derivative: P55/7, S. phureja, S. vernei derivatives: 58-1642/4 
and 65-346/19. In the same way, the presence of Pa3 was made because of 
development of females on S. vernei derivatives: 58-1642/4, 62.33.3, and 65-
346/19. The presence of Rol was found because of development of females on 
iS". acaule, S. demissum, S. multidissectum derivative: P55/7, S. oplocense and S. 
phureja. The presence of Ro2 was ascertained because of the finding of 
females on CPC-1673, S. acaule, S. demissum, S. oplocense. S. phureja, S. 
sparsipilum and S. spegazzinii. Among the five pathotypes, only three 
pathotypes, namely Pa2, Pa3 and Rol were major in distribution and they were 
prevalent over the three growing seasons of this region. 
Burgermeister et al (1992) used cloned genomic DNA probes to 
examine 18 Globodera rostochiensis populations representing the pathotypes 
Rol-Ro5. In southern blot hybridization experiments 35 differentiating 
restriction fragments were identified permitting a distinction of all populations. 
By means of cluster analysis a taxonomic grouping of all populations was 
obtained which corresponded with the virulence grouping for pathotypes Rol 
andRo5. 
Zaheer et al. (1992) examined phenotype composition and genetic 
variation in potato cyst nematode populations from the Falkland Islands using 
differential potato clones and isozyme analysis. Only Globodera pallida was 
identified and pathotype data indicated a previously undetected pathotype 
response in a number of populations. Patterns of genetic heterogeneity 
highlighted distinct population groupings which may result from at least two 
introductions from the South American mainland. 
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Aihaxa etal. (1998) recognized the occurrence of G. rostochiensis in 
Nagasaki Prefecture, Japan in 1992 for the first time. Subsequently, the 
pathotype of the nematode from a potato field in Minami-arima was tested on a 
standard differential host {Solarium tuberosum andigena). In addition, the 
pathotype of the nematode from a potato field in Kazusa was tested on some 
resistant potato cultivars (resistant to both pathotypes Rol and Ro4), The 
pathotype was identified as Rol (the pathotype already known in Hokkaido) by 
a low population density inoculation test on a non-resistant cultivar. 
Cunha et al. (2006) used capillary gel electrophoresis to characterize 49 
Portuguese isolates of potato cyst nematodes, three of Globodera pallida and 
46 of G. rostochiensis, and eight isolates representative of pathotypes defined 
for these two species (Rol, Ro2, Ro3, Ro4 and Ro5 for G. rostochiensis and 
Pal, Pa2, Pa3 for G. pallida). Portuguese isolates showed great variability and 
it seems that protein composition is not related to their geographic origin. 
Protein profiles of each pathotype were obtained and some of proteins seem to 
be specific for each pathotype. However, despite their common reaction to the 
HI resistance gene, Rol and Ro4 were not grouped together, and Pal was not 
grouped with Pa2. 
Greco et al. (2007) noticed that out of 16 populations of G. rostochiensis 
and 10 of G. pallida, all populations of G. rostochiensis reproduced more or 
less exclusively on both S. tuberosum cv. Spunta (susceptible) and cv. Saturna 
(possessing the HI resistant gene) and were considered as pathotype Ro2. Of 
the populations of G. pallida, six belonged to pathotype Pa3 as they 
reproduced on all of the differential clones, three did not reproduce on the 
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clone (Vf)^ 62.33.3 of 5. vernei and were classified as Pa2, and one population 
could not be clearly classified. The heterogeneity of seven populations of G. 
rostochiensis was investigated by examining the reproduction often single cyst 
derived populations for each of the original populations on potato cultivars 
Spunta and Satuma and on clone KTT/60.21.19 of 5. kurtzianum. All of the 
single cyst populations derived from five of the parent populations were 
identical to their parent populations as they reproduced only on the first two 
cultivars, while one from a population from Puglia and five from a population 
from Calabria also reproduced on clone KTT/60.21.19. 
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ana 
MATERIALS AND METHODS 
The different materials used and the methods employed during the 
course of proposed experimental programme are generalized as follows : 
Selection of Test plants : 
Cowpea (Vigna unguiculata L. walp cv. Pusa Komal), Castor {Ricinus 
communis L. cv. GAU-CHl), Cotton (Gossypium hirsutum L. cv. H-777), 
Mustard (Brassica juncea L. Czem. cv. Pusa Bold), Bajra {Pennisetum 
typhoides [Burm. F.] Stapf & Hubb. cv. Pusa-23) were used as test plants. The 
seeds of the above mentioned plants were obtained from lARI New Delhi and 
CCS Haryana Agricultural University Hissar. 
Selection of Test pathogen : 
Reniform nematode, Rotylenchulus reniformis, Linford and Oliveira, 
1940 was selected as test pathogen. 
Collection of soil samples from the rhizosphere of castor roots in Aligarh 
District: 
Twenty populations of i?. reniformis were collected from different parts 
of Aligarh District i.e. AMU Campus, Dhaura, Sarsaul, Gabhana, Dhanipur, 
Lodha, Gonda, Iglas, Khair, Chandaus, Tappal, Jawan, Atrauli, Bijauli, 
Gangiri, Akrabad, Harduaganj, Kasimpur, Madarak and Talanagri, from the 
rhizosphere of castor roots. Diseased plants were randomly selected on the 
basis of above ground symptoms. 
Soil and root samples randomly collected from the rhizosphere of castor 
roots from 20 localities with the help of trowel or shovel at the depth of about 
6-9 inches, were taken in polythene bags and marked to indicate the location 
and date of collection. The samples thus collected in polythene bags were 
stored at 5-10°C upto 7 days. 
Preparation and sterilization of soiJ mixture : 
Sandy loam soil mixed with compost manure in the ratio of 3:1 respectively. 
Throughout the course of studies, unless stated otherwise, 6" pots were filled 
with this soil mixture @ of 1 kg/pot. A little amount of water was poured in 
each pot to just wet the soil before transferring to an autoclave for sterilization 
at 20 lb pressure for 20 minutes. Sterilized pots were allowed to cool down at 
room temperature before use for experiments. 
Raising and maintenance of test plants : 
Seeds of test plants, surface sterilized with 0.1% mercuric chloride for 2 
minutes and washed thrice in sterilized water, were sown in each pot @ of 5 
seeds/pot and after germination thinning was done so as to maintain only one 
plant per pot. One weak old, well established and healthy seedlings were used 
for experimental purposes throughout the course of investigations. The studies 
on host preference were conducted during Kharif season except mustard which 
was tested during rabi season. 
Raising and maintenance of pure cultures of nematodes : 
Separate pure cultures of different races ofR. reniformis were raised on 
castor plants using a single eggmass collected from respective infected castor 
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roots. The eggmass was surface sterilized by treating it with 1:500 aqueous 
solution of chlorox (Calcium hypochlorite) for 5 minutes as described by den 
Ouden (1958). Treated egg mass was washed thrice in distilled water. The 
eggs, in the egg mass were allowed to hatch out at 27°C under aseptic 
conditions on a coarse sieve having tissue paper and kept in a Petridish 
containing sufficient amount of sterilized distilled water touching the lower 
surface of coarse sieve. Castor seedlings grown in 20" clay pots containing 
autoclaved soil were inoculated with the juveniles, so obtained. The clay pots 
were kept in glass house benches at a tempt. 27±°C. Daily watering was done 
as required. Fresh plants seedlings were grown in the pots akeady having 
infected soil from time to time in order to maintain infected plants for a regular 
supply of the respective inoculums. Cultures of R. reniformis multiplied and 
maintained in this way were, thereafter used for obtaining required inoculum. 
Preparation of nematode inoculum : 
For extraction of reniform nematodes, soil was collected from the root 
zone of heavily infected castor plants in which pure culture of this nematode 
was raised .This soil was processed for extraction of immature females of 
reniform nematode using the Cobb's sieving and decanting technique followed 
by Baerman's ftinnel technique (Southey, 1970), 
Separate water suspensions of above mentioned nematodes were 
thoroughly stirred for making homogenous distribution of nematodes before 
taking 10 ml suspension in the counting dish (Southey, 1970) for counting the 
number of nematodes from each sample under the stereoscopic microscope. An 
average of five counts were taken to determine the density of nematodes in the 
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suspension. Volume of water in the nematode suspension was so adjusted that 
each ml contained about 100 nematodes. Each 10 ml of this suspension used 
for inoculation of plants to provide required inoculum level (i.e. 1000 
nematodes/pot) comprising males and young females in the ratio of (1:1) per 
pot. 
Inoculation techniques: 
Twenty one days old test plant seedlings (three leaf stage) were 
inoculated with 1000 nematodes of R. reniformis per plant. Feeder roots of 
seedlings just before inoculation, were exposed by carefully removing the top 
layer of soil and a required quantity of nematode suspension was poured 
uniformly all around the exposed roots using a sterilized pipette. Exposed roots 
were immediately covered by levelling the soil properly. Throughout these 
studies each treatment was replicated three times and uninoculated plants 
served as control. Regular watering was done to maintain the soil moisture. 
Race identification of reniform nematode: 
The populations of reniform nematodes, which were maintained in 
earthen pots, were used for race identification. Seeds of castor, cotton, cowpea 
and bajra were sown in 6" clay pots containing 1 kg autoclaved soil per pot in 
Kharif season. However, seeds of mustard were sown in rabi season. Twenty 
one days after germination each seedling was inoculated with 1000 immature 
females of reniform nematode. After 60 days of inoculation, plants were 
uprooted and categorization of races was done as suggested by Dasgupta and 
Seshadri (1971) and Rao and Ganguly (1996). 
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Calculation of Frequency of occurrence of the races of reniform nematode 
on Castor in Aligarh District: 
The formula used are as under -
Number of samples containing 
Percentage of occurrence of particular race of i?. reniformis 
particular race of population 
R. reniformis (jc Vo) = x 100 
Total number of samples studied 
(RI) Reproduction Index of nematodes: 
0 = No reproduction 
1 = Increase in population < 2000-4000/pot in soil washing 
2 = Increase in population 4000-8000/pot in soil washings 
3 = Increase in population > 8000 nematodes/pot in soil washing. 
Studies on pathogenicity of the races of reniform nematode on castor: 
Pathogenicity tests was conducted to determine inoculum threshold level 
of the races of reniform nematode which has significant bearing on the disease 
development. Three week old seedlings of castor were inoculated with different 
inoculum levels viz. 250, 500, 1000, 2000, 4000 and 8000 immature females of 
each race of reniform nematode. 
Recording of data: 
Plant growth determination : 
Plants were uprooted after 60 days of inoculation. Roots were washed 
gently in slow running tap water. Care was taken to avoid loss and injury of 
root system during the entire operation. For measuring length and weight, the 
plants were cut with a sharp knife just above the base of root emergence. 
Length of shoot and root were recorded in centimeters from the cut end to the 
tip of first leaf and the longest root respectively. The excess water of plants was 
removed by putting them between the two folds of blotting sheets for some 
time before weighing them separately. The weight was recorded in grams. For 
measuring dry weight, the shoot and root were kept in envelops separately for 
drying in an oven running at 80°C for 24 hours. For interpretation of results, the 
reduction in plant growth was calculated in terms of percentage dry weight 
reduction. 
Nematode population estimation: 
For extraction of nematodes the soil from each treatment was mixed 
thoroughly and a sub-sample of 200g soil was processed through sieves 
according to Cobb's sieving and decanting method followed by Baermann 
funnel technique. 
Each suspension was collected in a beaker and volume made upto 100 
ml. Five ml suspension of each sample was transferred to a counting dish and 
number of nematodes were counted from each sample. Mean of three such 
countings was calculated and the final population of nematodes per Kg soil was 
determined. 
To estimate the nematode population in roots, 1.0 g roots were stained in 
lactophenol-acid fuchsin solution, cleared overnight in freshly prepared 
lactophenol and examined under a stereoscopic binocular microscope for the 
count of nematodes. 
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Calculation of Reproduction factor : 
Reproduction factor (R) of nematode species was calculated by the 
formula R = Pf/Pi where Pf represented the final and Pi initial population of the 
nematode. 
Statistical Analysis: 
The data obtained were analysed statistically and significance calculated 
at 5 and 1% level of probability. 
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RESULTS 
Studies on the status of races of reniform nematode, Rotylenchulus 
reniformis infecting castor in Aligarh District: 
Since biological races are known to occur in Rotylenchulus reniformis, it 
was considered desirable to study the status of races of reniform nematode 
from the Aligarh district. It is revealed from Table-1 that all twenty populations 
of Rotylenchulus reniformis collected from different localities in Aligarh 
reproduced on only three host differential plants viz. cowpea var. Pusa Komal, 
cotton var. H-777 and castor var. CH-1 but differed in their pathogenic 
behaviour towads bajra cv. Pusa-23 and mustard cv. Pusa-Bold. Out of twenty 
populations of Rotylenchulus reniformis, twelve populations i.e. AMU 
Campus,Dhaura, Gabhana, Iglas, Khair, Chandaus, Tappal, Jawan, Bijauli, 
Akrabad, Harduaganj and Talanagri reproduced on cotton, castor and cowpea 
but not on bajra and mustard which confirm the presence of Race-4 of reniform 
nematode in Aligarh. The frequency of occurrence of this race was found to be 
as 60%. 
Among these twelve populations ten populations showed (3) 
reproduction index while two populations (Tappal & Talanagri) showed less 
nematode multiplication on cotton, compared to castor and cowpea as indicated 
by reproduction index, in Tappal it was (2) and in Talanagri (1). However, six 
populations i.e. Sarsaul, Dhanipur, Lodha, Atrauli, Gangiri, Kasimpur 
reproduced on mustard alongwith cowpea, castor and cotton but not on bajra 
which showed the presence of Race-2 and their frequency of occurrence was 
recorded as 30%. Here populations of Sarsaul, Dhanipur, Atrauli and Kasimpur 
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showed low reproduction index i.e. (2) on mustard, while (3) on cowpea, castor 
and cotton. Lodha and Gangiri populations represent low reproduction index on 
mustard and cotton, as in Lodha it's value was (1) on mustard and (2) on 
cotton. However, in Gangiri it was (1) on mustard and cotton. Although both 
represent high reproduction index (3) on cowpea and castor. Similarly two 
populations i.e. Gonda and Madarak reproduced on bajra with cowpea, castor 
and cotton but failed to reproduced on mustard which confirm the presence of 
Race-3 and their frequency of occurrence was recorded as 10%. Out of these 
two populations one population (Madarak) represent less magnitude of 
reproduction index in bajra and cotton i.e.(2) as compared to cowpea and castor 
where it was (3) while another population (Gonda) showed less magnitude of 
reproduction index only in bajra i.e. (1) as compared to cowpea, castor and 
cotton on which it was (3) (Table-1). 
Moreover, none populations reproduced on bajra and mustard clearly 
showed the absence of race-1 in Aligarh district soils. It was also evident from 
the Table-1 that among twenty populations ofR. reniformis, majority of them 
reproduced well on cowpea, castor and cotton in comparison to bajra and 
mustard. It is assumed that bajra and mustard were less suitable hosts than 
castor, cowpea and cotton. Many fully developed egg - laying females (Fig. 1) 
and females in various developing stages on the roots were observed in above 
mentioned populations of R. reniformis on preferred host. The egg masses of 
these populations were found to contain embryonated eggs and second stage 
larvae and few males also (Fig. 1) while soil population contains immature 
females, males and larvae. High root population observed in cowpea, castor 
and cotton as compared to bajra and mustard, the number of females varied on 
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Fig 1: Root of castor infected with reniform nematode, 
Rotylenchulus reniformis. 
MF = Mature female, Em = Eggmass, M = Male, Eg = Egg 
VB = Vascular bundle 
the basis of the suitability of the crop as well as the different populations of 
various localities. The proportions of males and young females were 
approximately equal at the time of inoculation, however, sixty days after 
inoculation a differential development of males and young females was 
observed in most of the populations. An increase in percentage of males over 
young females was recorded in five populations in cotton (Lodha (60%), 
Tappal (61%), Gangiri (64%), Madarak (54%) and Talanagri (61%) while eight 
populations in case of bajra and mustard, Gonda (65%), Madarak (61%), 
Sarsaul (60%), Dhanipur (61%), Lodha (65%), Atrauli (64%) Gangiri (65%) 
and Kasimpur (61%). Slight increase in male percentage over initial was also 
recorded in cowpea (Lodha 51%), Chandaus (52%), Gangiri (51%) and 
Kasimpur (52%). Perhaps the unbalanced sex ratio in favour of males is an 
expression of the lesser suitability of bajra and mustard to the eight 
populations and cotton to the five populations. Although for four populations, 
cowpea proved moderate host as the percentage of males was almost equal to 
the initial. Thus based upon the ability to reproduce on castor, cowpea, cotton, 
bajra and mustard, it was concluded that Race-4, Race-3 and Race-2 were 
present while Race-1 was absent in Aligarh district soils. 
Studies on the pathogenicity of the races of Rotylenchulus reniformis on 
Castor: 
It is evident from the data presented in Table 5, Fig. 2 and 2.1 that the 
reduction in plant growth characters (length and dry weight of the plant) of 
castor was directly proportional to the inoculum levels of the races of 
Rotylenchulus reniformis i.e. with increasing inoculum levels, firom 250 to 
An 
8000 immature females of the races of Rotylenchulus reniformislkg soil, there 
was a corresponding increase in the reduction of plant growth characters, 
however, the reproduction factor of each race negatively correlated to the 
increase in inoculum levels (Fig, 2.2). 
Rotylenchulus reniformis race-2: 
The inoculation of castor plants with 250, 500, 1000, 2000, 4000 and 
8000 immature females of race-2 of R. reniformis/Kg soil resulted in 75.5, 
64.5, 58.9, 50.4, 46.3 and 43.3 cm decrease in plant length, respectively as 
against 76.8 cm in uninoculated plants. The decrease in dry weight of plant was 
5.69, 4.71, 4.22, 3.54, 3.13 and 2.65 gm as compared to 5.76 gm in control 
respectively. The percent reduction in dry weight was observed as 1.22, 18.2, 
26.7, 38.5, 45.7 and 54.0 (Table-2) 
A significant linear relationship was found between the initial 
population 'Pi' and the final population 'Pf of the race-2 of R. reniformis 
means the total population (root + soil) of the race-2 ofR. reniformis increases 
with increase in inoculum levels and it is clearly evident from the Table-2.1 
that at 250, 500, 1000, 2000, 4000 and 8000 initial population of race-2 it was 
6719, 10057, 17269, 26281, 41325 and 44870 respectively. The multiplication 
of race-2 of R. reniformis reduced with increase in inoculum levels. The 
reproduction factor was highest (26.87) at the minimum inoculum level (250 
immature females/kg soil) and lowest (5.60) at the maximum inoculum level 
(8000 immature females/kg soil). 
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Rotylenchulus reniformis race-3: 
The data presented in Table-3 clearly indicate that reduction in plant 
growth of castor was directly proportional to the inoculum levels of race-3 of 
R. reniformislpioxAs. The inoculation of castor plants with 250, 500, 1000, 
2000, 4000 and 8000 immature females/plant resulted a decrease in plant 
length i.e. 76.5, 74.7, 63.2, 59.3, 50.9 and 47.3 cm as compared to 76.8 cm in 
uninoculated control respectively. The decrease in dry weight from minimum 
inoculum level (250) to maximum inoculum level (8000) was 5.73, 5.67, 4.58, 
4.04, 3.58 and 3.24 gm as against 5.76 gm in uninoculated control plants. The 
percent reduction in dry weight over control was 0.52, 1.56, 20.5, 29.9, 37.8 
and 43.8 respectively. 
A significant linear relationship was found between the initial 
population 'Pi' and the final population 'Pf of the race-3 of R. reniformis. It 
was observed in Table-3.1 that total population of race-3 oiR. reniformis was 
recorded as 6033, 9524, 16671, 25565,40678 and 44042 at the initial inoculum 
levels of 250, 500, 1000, 2000, 4000 and 8000 immature females/plant 
respectively. The multiplication of race-3 of reniform nematode significantly 
reduced with the increase in the inoculum levels. The reproduction factor was 
highest (24.13) at minimum inoculum level (250 immature females/plant) and 
lowest (5.50) at maximum inoculum level (8000 immature females/plant.). 
Rotylenchulus reniformis race - 4: 
It is evident fi-om the Table-4 that the growth parameters (plant length 
and dry weight) of castor increases in the plants inoculated with 250 immature 
females of race-4 of 7?. reniformis I kg soil as compared to iminoculated plants. 
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The percentage of improvement recorded in plant length was +1.17 whereas in 
dry weight it was +0.17 in the corresponding treatment as compared to control. 
Moreover, the decrease in plant growth parameter was observed at and above 
500 inoculum level, was 75.0, 73.0, 60.8, 58.3 and 54.3 in plant length as 
against 76.8 cm in uninoculated plant respectively, although 5.70, 5.65, 4.67, 
4.36 and 3.86 in dry weight as compared to 5.76 gm in control. It was noticed 
that the per cent reduction in dry weight was 1.04, 1.91, 18.9, 24.3 and 33.0 in 
the plants inoculated with 500, 1000, 2000, 4000 and 8000 immature 
females/kg soil respectively. A significant linear relationship was observed 
between initial and final nematode population. It was observed in Table-4.1 
that the total population of race-4 of i?. reniformis was recorded as 5124, 9168, 
15890, 25012, 40149 and 43464 at the initial inoculum levels of 250, 500, 
1000, 2000, 4000 and 8000 immature females/plant respectively. The 
multiplication of race-4 of reniform nematode significantly reduced with the 
increase in the inoculum levels. The reproduction factor was highest (20.49) 
when the inoculum level was lowest (250 immature females/plant) and lowest 
(5.43) when the inoculum level was highest (8000 immature females/plant). 
Rotylenchulus reniformis (Race-2, Race-3 and Race-4) is a sedentary, 
semiendoparasitic nematode. The roots infected with the different races of R. 
reniformis showed moderate discolouration, with the root-lets as dark brown 
and sometimes necrotic. The infection often resulted in reduction of feeder 
roots. A severe curling of young roots of the plants was also observed at the 
highest inoculum level. R. reniformis infected plants showed drying of leaf, 
started from the margin within one month of post infection period. Thereafter, 
the drying of leaves spread gradually from the margin to mid-rib region 
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Fig:-1.1 Correlation between the plant k : h and dry weight of Race 4, 
Race 3 and Race 2 at different inoculur 'els on Ricinus communis 
followed by premature shedding of some leaves. Overall the plants showed 
stunted plant growth parameters. The severity of the above and below ground 
symptoms produced by the three races of ^. reniformis in castor, were more or 
less similar at and above their damaging threshold inoculum level i.e. in Race-
2, Race-3 and Race-4 and it was 500, 1000 and 2000 immature females/plant. 
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DISCUSSION 
The results presented in Table-1 clearly indicated that twenty 
populations of R. reniformis collected from different localities of Aligarh 
district soils exhibited homogeneity with respect to their pathogenic behaviour 
towards three crops viz., cowpea cv. Pusa Komal, castor cv. CH-1 and cotton 
cv. H-777, however, exhibited heterogeneity towards two crops viz., bajra cv. 
Pusa-23 and mustard cv. Pusa bold. Out of four races of R. reniformis so far 
reported by different workers, only three races (Race-4, Race-3 and Race-2) 
were present in the Aligarh district soils, however, one race (Race 1) was 
absent. Race-4 was reported from AMU Campus, Dhaura, Gabhana, Iglas, 
Khair, Chandaus, Tappal, Jawan, Bijauli, Akrabad, Harduaganj and Talanagri, 
Race-3 from Sarsaul, Dhanipur, Lodha, Atrauli, Gangiri, Kasimpur and Race-2 
from only two populations i.e. Gonda and Madarak. Our results are in 
confirmity of the results reported by (Dasgupta and Seshadri, 1971) they 
differentiated two races (Race A and Race B) of reniform nematode based upon 
their capacity to reproduce on cowpea, castor and cotton. Race-A reproduced 
on all the three crops while Race-B only on cowpea. In the present 
investigations all the populations of R. reniformis confirmed to the Race-A, 
since all could reproduce on cowpea, castor and cotton. Prasada Rao and 
Ganguly (1996) reported existence of four physiological races oiR. reniformis 
(i) Race-4: did not reproduce on bajra and mustard (ii) Race-3: reproduced on 
bajra but not on mustard (iii) Race-2: reproduced on mustard but not on bajra 
and (iv) Race-1: reproduced on both bajra and mustard. 
Vadhera et al. (1999) reported prevalence of novo race ofR. reniformis 
in Jabalpur and its vicinity using same crops i.e. cowpea, castor and cotton. All 
five populations multiplied on cowpea and cotton but not on castor, thus these 
populations seem to be different populations occurring in India when compared 
with the populations reported by Dasgupta and Seshadri (1971). Our results 
also indicated that out of five host differentials, cowpea, castor and cotton were 
good hosts in comparison of bajra and mustard for most of the twenty 
populations. The reproductive capability of Sarsaul, Dhanipur, Lodha, Atrauli, 
Gangiri and Kasimpur populations (Race-2) suggested its possible successful 
survival during rabi season also. The variations in host preference of twenty 
geographical populations of R. reniformis might be due to the physiological 
specializations resulting from their adaptation in different agro-climatic regions 
or due to the genetic factors (Sturhan, 1971). Similar, differences in host 
preferences in different geographical population has been reported in R. 
reniformis (Birchfield & Brister, 1962; Germani, 1978; Prasad & Ganguly, 
1996). 
The Fig. 1 showed each eggmass of R. reniformis was foimd to contain 
adequate number of eggs, and few males enclosed in the gelatinous matrix. It 
showed that males were essential for reproduction, thus indicating amphimictic 
type of reproduction in all the populations. These results are also in agreement 
with those of (Triantaphyllou and Hirschmann, 1964) who reported R. 
reniformis is a cross-fertilized animal. Such indications were also earlier given 
by Prasada Rao and Ganguly (1995) who recorded males in all the six 
geographical isolates ofR. reniformis with male-female ratios varying from 1:1 
to 1:3. However, Dasgupta & Seshadri (1971) reported amphimixis in most of 
the studied populations of R. reniformis and only one population from Tamil 
Nadu had the capability of reproducing parthenogenetically. In Japan, 
Nakasono (1983) reported some populations of R. reniformis with abundant 
males to be amphimictically reproducing while others without males to be 
parthenogenetically reproducing. 
Observations on effect of crops on the population development, 
reproduction index and male percentage of the races of R. reniformis showed 
these parameters to be highly influenced by the host crop (Table 1). High 
magnitude of reproductive index with decreased or equal male percentage over 
initial was found in good host crops viz., cowpea, castor and cotton, except in 
populations i.e. Lodha, Gangiri, Madarak and Talanagri. Exceptions 
represented by some populations in cotton may be due to physiological 
specialization of particular race of R. reniformis present there, while increased 
male percentage with low magnitude of reproductive index in bajra and 
mustard respectively. Decline in the magnitude of reproductive index 
associated with higher number of males, was indicative of relatively poor 
nutritional status of these two crops. Similar correlation of fall in number of 
males of R. reniformis associated with higher rate of population development 
had also been reported by Verma and Prasad (1969). Moreover, increased 
maleness under environmental stress in root-knot nematodes has been reported 
by Triantaphyllou (1960). The conclusive evidences revealed from this study 
clearly showed profound impact of crop hosts on various bioecological 
parameters of R. reniformis which amounts to its intraspecific variability. It is 
also likely that the crops of different nutritional status must be inducing certain 
extent of morphological and morphometrical variations. 
The observations made by earlier workers on the pathogenic effect of 
nematode, R. reniformis were confirmed from the present results (Seshadri & 
Sivakumar, 1971; Chandrasekharan, 1964; Verma and Prasad, 1969). The 
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damaging threshold inoculum level of the races of Rotylenchulus reniformis 
infesting castor plants, is observed for the first time. All the three races of R. 
reniformis (Race-4, Race-3 and Race-2) exhibited morphological similarity. To 
determine the inoculum threshold level of races of R. reniformis, the seedlings 
of castor were separately inoculated with different inoculum levels of each race 
of reniform nematode (250, 500, 1000, 2000, 4000 and 8000) immature 
females/plant. The results presented in Table 5.1 clearly showed that lowest 
inoculum caused no significant damage or plant growth reduction but with the 
increasing inoculum levels there was increased reduction in plant growth 
whether inoculated with either race of the Rotylenchulus reniformis. 
Our results are in confirmity with those of Chandraseidiaran (1964) who 
inoculated different levels of R. reniformis population in pot culture and 
showed correlation between the final population and reduction in height of 
plants, top weight, root weight and yield of castor. The results also suggested 
that plant growth reduction was directly proportional to the increase in 
inoculum levels of test pathogens. Various races of R. reniformis possess 
different damaging threshold inoculum level. The inoculum threshold level of 
Race-4, Race-3 and Race-2 of R. reniformis were 2000, 1000 and 500 
immature females/kg soil. Moreover, our results also concluded that among the 
three races, Race-2 was more pathogenic to castor followed by Race-3 and 
Race-4. These findings are new and not reported earlier. Perhaps, the co-
evolutionary processes between the host and the parasite (Stone, 1984) together 
with environmental factors might have led to the expresaion^^^f-morc viruleirt 
genes in Race-2 rather than Race-3 and Race-4. 
<^ 
a / ^ 
\ - ^ - . 
The disease symptoms produced by three races of reniform nematode at 
their threshold inoculum level are same but their severity may vary. However, 
the damaging threshold level of R. reniformis changed on different crops as 
reported by different workers, Sahoo and Padhi (1985) revealed the significant 
stunting of okra at the minimum density of 100 nematodes/kg of soil. 
Mahapatra and Padhi (1986) found plants of Cicer arietinum exhibited 
symptoms of yellowing, stunting, poor development and browning of roots at 
and above 500 nematodes/kg soil. At and above inoculum threshold level each 
race of R. reniformis showed reduced plant height as well as shoot weight, 
premature leaf shedding as above ground symptoms and reduced root weight 
and necrosis in roots as below ground symptoms. 
Our findings are similar of the observations of Patel (1981) who 
revealed R. reniformis is highly pathogenic to castor reducing plant height as 
well as root and shoot weights. Nath et al. (1969) also supported our results in 
which they reported browning and necrosis of cells surrounding nematode head 
as well as away from the head due to feeding of R. reniformis in castor. The 
stunted growth of plant is perhaps due to improper absorption of water by 
necrotic roots of castor infested with reniform nematode. The water absorption 
capacity of castor roots infested with R. reniformis on account of poor root 
development was demonstrated by Ismail and Alam (1975). Lowest inoculum 
level caused no significant damage or plant growth reduction but with the 
increasing inoculum levels there was an increase in plant growth reduction 
whether inoculated with either race of the reniform nematode. The total 
population/plant of each race of R. reniformis increases with increasing 
inoculum levels while the rate of nematode multiplication increases upto 1000 
inoculum level, however, decreases afterwards. 
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At 1000 immature females/plant the nematode multiplication was 
maximum in comparison to other inoculum level. The reason for the reduction 
in nematode multiplication with increasing inoculum levels may be due to 
availability of limited root surface for both the lower and higher inoculums. 
Crowding of nematodes at higher inoculum densities created natural death and 
reduced multiplication (Triantaphyllou, 1960; Davide and Triantaphyllou, 
1967). The high rate of multiplication at low levels of inocula, on the other 
hand, could possibly be due to the positive factors like abundance of food, lack 
of competition and the ability of host to support these levels of population. The 
progressive decrease in plant growth and nematode multiplication with the 
increasing inoculums of nematodes has also been reported by Chapman (1959), 
Seinhorst (1960); Oostenbrink (1966); Dhawan and Sethi (1976); Gupta and 
Yadav (1979); Dhruj and Vaishnav (1981); Salem and Eissa (1981); Mishra 
and Gaur (1981); Thakar and Yadav (1985). 
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SUMMARY AND CONCLUSION 
All twenty populations of Rotylenchulus reniformis viz., AMU Campus, 
Dhaura, Sarsaul, Gabhana, Dhanipur, Lodha, Gonda, Iglas, Khair, Chandaus, 
Tappal, Jawan, Atrauli, Bijauli, Gangiri, Akrabad, Harduaganj, Kasimpur, 
Madarak and Talanagari, reproduced on three host differential plants, cowpea, 
castor and cotton but differed in their pathogenic behaviour towards bajra and 
mustard. 
Twelve populations i.e. AMU Campus, Dhaura, Gabhana, Iglas, Khair, 
Chandaus, Tappal, Jawan, Bijauli, Akrabad, Harduaganj and Talanagri 
reproduced on cowpea, castor and cotton but not on bajra and mustard which 
confirm the presence of Race-4 of reniform nematode in Aligarh. The 
frequency of occurrence of this race was found to be as 60%. 
However, six populations i.e. Sarsaul, Dhanipur, Lodha, Atrauli, 
Gangiri, Kasimpur reproduced on mustard along with cowpea, castor and 
cotton but not on bajra which showed the presence of Race-2 and their 
frequency of occurrence was recorded as 30%. 
Similarly two populations i.e. Gonda, Madarak reproduced on bajra with 
cowpea, castor and cotton but failed to reproduce on mustard which confirm 
the presence of Race-3 and their frequency of occurrence was recorded as 10%. 
Moreover, none populations reproduced on bajra and mustard, clearly 
showed the absence of Race-1 in Aligarh district soils, respectively. 
Among twenty populations of R. reniformis majority of these 
reproduced well on cowpea, castor and cotton in comparison to bajra and 
mustard, showed better suitability as a host of these three corps than other two. 
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The eggmasses of these populations were found to contain embryonated 
eggs, second stage larvae and a few males whereas the soil population contains 
immature females, males and larvae. The proportions of males and young 
females were vary according to suitability of host, it was lesser in good host 
while higher in poor host. 
It is concluded from the present investigations that Race-4, Race-3 and 
Race-2 were present while Race-1 was absent in Aligarh district soils. 
Moreover all these three races found in Aligarh were amphimictic in 
reproduction. 
The reduction in plant growth parameters of castor was directly 
proportional to the inoculum levels of races of Rotylenchuliis reniformis. 
The significant reduction in plant growth parameters (plant height and 
dry weight) was observed at and above 500 of Race-2, 1000 of Race-3 and 
2000 of Race-4 immature females/kg soil. 
The increase in inoculum seems to be negatively correlated with the 
reproduction factor while positively correlated with total population of 
nematodes. Moreover, the rate of nematode multiplication was reduced with 
the increase in the inoculum density. 
Castor crop infected with reniform nematode showed symptoms of 
stunting, necrosis, leaf shedding and growth reduction at and above said 
inoculum levels. 
It can be concluded from these results that the threshold inoculum level 
of Race-2, Race-3 and Race-4 on castor are 500, 1000 and 2000 immature 
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females/kg soil respectively, however, among these three races, present in 
Aligarh district soils Race-2 is more pathogenic followed by Race-3 and Race-
4 on castor. 
The information gathered from the present study may provide the 
baseline for further research to develop appropriate strategies for the 
management of races of reniform nematode on castor. 
r^ef€ erenced 
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